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Abstract. We present the results of spectrophotometry 
and BVR CCD photometry, as well as integrated Hi ra- 
dio measurements of a new blue compact galaxy (BCG) 
HS 0822+3542 with extremely low oxygen abundance: 12 
+ log(0/H) = 7.35, or 1/36 of solar value. The galaxy 
is the third most metal-deficient BCG after I Zw 18 and 
SBS 0335-052. Its very high mass fraction of gas (« 95% 
of all visible mass) and blue colours of underlying neb- 
ulosity are also similar to those of SBS 0335-052. This 
suggests that HS 0822+3542 is one of the nearest and 
dimmest galaxies experiencing a recently-started first star 
formation (SF) episode. Its properties imply that for such 
galaxies there is a linear scaling of the main parameters, 
at least for the baryon mass range (0.3-20) xlO 8 Mq. The 
total mass estimate indicates that the galaxy is dynami- 
cally dominated by a dark matter (DM) halo, which itself 
is one of the least massive for galaxies. 

Key words: galaxies: fundamental parameters - galaxies: 
starburst - galaxies: abundances - galaxies: photometry - 
galaxies: individual (HS 0822+3542) 



1. Introduction 

Since the Searle & Sargent (1972) paper identifying blue 
compact galaxies (BCGs), that is, low-mass galaxies show- 
ing emission line spectra characteristic of Hn regions, in- 
tense star formation (SF), and oxygen abundances of 1/50 
- 1/3 solar[], such objects have been considered as young 
galaxies undergoing one of their first star formation bursts. 
I Zw 18, a BCG with the lowest known oxygen abundance 
amo ng the galaxies (O/H ~ 1/50 (0/H) Q , Searle & Sar- 
gent 197S ; Izotov & Thuan |l999| ) , has been suggested as 



a candidate to be a truly-local young galaxy, experiencing 
its first short SF episode. The second candidate young 
galaxy, SBS 0335-052E, with an oxygen abundance of 
1/41 (O/H) (Melnick et al. [199$ Izotov et al. [1997a ; 
Lipovetsky et al. |1999| ) was discovered 18 years later by 
Izotov et al. ( 199C| ). With only two probable examples, 
we must be extremely lucky to be witnessing local galaxy 
formation. The proximity of these probable young galax- 
ies allows one to study their properties in detail and to 
set important constraints on models of galaxy formation. 
Such studies are important for understanding the nature 
of very faint and compact probable primeval galaxies at 
high redshifts. Most of such galaxies at z = 3 — 5 were 
discovered only recently (e.g. Steidel et al. 1996; Dey et 
al. 199? ), and it seems that the majority of them are al- 



ready rather evolved systems. Moreover, the local candi- 
date young galaxies are at least one order of magnitude 
less massive than the faintest candidate young galaxies at 
high redshifts, and represent the range of baryon mass 
(10 8 -10 9 Mq) within which p ossibl y most of primeval 
galaxies have formed (e.g. Rees 198S). 

Evidence for the existence of old low-mass stellar pop- 
ulations was obtained in the last 25 years for most of the 
studied BCGs (Thuan |1983fc Loose & Thuan |1986j ). More- 
over, no conclusive answer has been reached yet about the 
youth of the few most metal-poor BCG. However, some 
observational data have been collected lately, which appar- 
ently support young ages for these BCGs. Among them we 
point out: 

a) Extremely low abundances of heavy elements in Hn 
regions surrounding young clusters, consistent with the- 
oretical expectations of "metal" yie ld du ring a first SF 
event (Z < 1/20 Z Q ) (e.g., Pilyugin [I993[ ); 

b) Very blue colours outside the location of the current 
SF burst, consistent with a lack of stars older than 100 
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Myr (Hunter & Thronson 1995; Papaderos et al. 1998) 



While the r ecent analysis of HST data for I Zw 18 by 
Aloisi et al. ( 1999 ) suggests an age of 1 Gyr for the under- 
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lying stellar population of the galaxy, Izotov et al. (2000) 
argue that a self-consistent treatment of all data favours 
a significantly larger distance to I Zw 18 then adopted by 
Aloisi et al., and a 100 Myr stellar population; 

c) A large amount of neutral gas, maki ng up 99% of all 
baryo nic (l uminous) mass (van Zee et al. 1998 ; Pustilnik 
et al. |2000| ); 

d) Practically zero metallicity for this Hi gas, e.g., 
(O/H) < 3xl0 -5 ( O/H) Q , as reported for SBS 0335-052E 
(Thuan & Izotov 1997). This emphasizes either an ex- 
tremely slow evolution on these systems, or a very recent 
onset of metal production. The latter suggests that the 
neutral gas clouds in these galaxies are composed of pre- 
galactic material not yet polluted by stellar nucleosynthe- 
sis products. 

It was suggested recently by Izotov & Thuan ( 1999] ), 
from the analysis of carbon and nitrogen abundances, that 
several BCGs with O/H < 1/20 (O/H) in Hn regions are 
good candidate galaxies with a recent first SF episode. Un- 
til now, less than ten such galaxies with good abundance 
determinations are known. Even though the point on the 
existence of truly yo ung lo cal galaxies is debatable (see, 
e.g., Kunth & Ostlin 199£ ), the importance of studies of 
extremely metal-poor galaxies is undoubtful, since they 
best approximate the properties of primeval galaxies at 
large redshifts. 

In this paper we describe the data obtained for the 
third most mctal-dcficient galaxy, HS 0822+3542 with 
O/H =1/36 (O/H) . This is one of the nearest, and at the 
same time the dimmest candidate young galaxy known. 




303 pc 



Fig. 1. i?-band image of HS 0822+3542. North is to the 
top, east is to the left. Low-contrast filaments NW of the 
main bright body indicate gas structures typical of high- 
velocity ejecta. At the adopted distance of 12.5 Mpc, 1" 
= 60.6 pc. Surface brightness isophotes (white contours) 
are superposed on the central bright region to show the 
morphology of supergiant H n region. 



2. Observations and data reduction 

A new extremely metal-poor BCG, HS 0822+3542, was 
discovered on April 5, 1998, during observations with the 
6 m telescope of the Special Astrophysical Observatory 
(S AO) of the Russian Academy of Sciences (Pustilnik et 
al. 1999b ), in the framework of the Hamburg/ SAOsur- 
vey for emission-line galaxies (Ugryumov et al. |1999|) . 
Its J2000 coordinates are: R.A. = 08 h 25 m 55!0, Dec. = 
+35°32'31". The main parameters of the galaxy are pre- 
sented in Table [l[ Here we present new optical spectro- 
scopic and photometric, and Hi 21 cm radio observations 
to study the properties of this galaxy. 

2.1. Long-slit spectroscopy 
2.1.1. Observations 

Optical spectra of HS 0822+3542 were obtained with the 
6 m telescope on April 6, 1998 with the spectrograph SP- 
124 equipped with a Photometries CCD-detector (24 x 
24/im pixel size) and operating at the Nasmyth-1 focus. 
The grating B0 with 300 grooves/mm provides dispersion 
of 4.6 A pixel -1 and spectral resolution of about 12 A at 
first order. A long slit with a size 2"x40" was used. The 



scale along the slit was 0'.'4 pixel 1 . The total spectral 
range covered was AA 3700-8000 A. 

High S/N ratio long-slit spectroscopy was conducted 
with the 2.5 m Nordic Optical Telescope (NOT) on May 
27 and 28, 1998. We used the spectrograph ALFOSC 
equipped with a Loral (W11-3AC) CCD, with a l'.'3x400" 
slit, and grisms #6 and #7 (110 A/mm), which provide 
a spectral dispersion of 1.5 A pixel -1 and a resolution 
of about 8 A (FWHM). The spectral range was AA3200- 
5500 A for grism #6 and AA 3800-6800 A for grism #7. 
The spatial resolution was of 0'.'189 per pixel. The total 
exposure time for grism #6 was 60 min, split into three 
20 min exposures, and 40 min for grism #7, split into two 
20 min exposures. The slit, centred on the brightest knot 
(see in Fig. [I] the i?-band image of the galaxy), was ori- 
ented in the N-S direction. Spectra of He-Ne comparison 
lamp were obtained after each exposure for wavelength 
calibration, and three spectrophotometric standard stars 
Feige 34, HZ 44 and BD+33°2642, were observed for flux 
calibration. The seeing during the spectral observations 
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Fig. 2. The observed NOT spectrum of HS 0822+3542 in the aperture l'.'3x0'.'8 with nebular emission lines identifi- 
cation. 



2.1.2. Reduction of long-slit spectra 

Data reduction was carried out using the MIDAS0 soft- 
ware package (Grosb0l 1989). Procedures included bias 
subtraction, cosmic-ray removal and flat-field correction. 
The flat-field correction was produced with the normal- 



ization algorithm described by Shergin et al. (1996). After 
the wavelength mapping and night sky subtraction, each 
2D frame was corrected for atmospheric extinction and 
was flux calibrated. To derive the sensitivity curves, we 
used the spectral energy distributions of the standard stars 



from Bohlin (1996). Average sensitivity curves for grisms 



were produced for each observing night. R.m.s. deviations 
between the average and individual sensitivity curves are 
«1.5%, with the maximum deviations of «4% in the spec- 
tral region 3800+4000 A. 

The 2D flux-calibrated spectra were then corrected for 



atmospheric dispersion (see Kniazev et al. |2000 ) and av- 
eraged. Finally, the ID averaged spectrum was extracted 
from a 0'.'8 region along the slit, where /(A4363 A) > 2a 
(er is the dispersion of a noise statistics around this line) 
(see Fig. |). 

Redshift and line fluxes were measured applying 
Gaussian fitting. For Ha, [Nil] AA 6548,6583 A and 



[Sli] AA 6716,6731 A a deblending procedure was used, as- 
suming gaussian profiles with the same FWHM as for sin- 
gle lines. The errors of the line intensities in Table || take 
into account the Poisson noise statistics and the noise 
statistics in the continuum near each line, and include 
uncertainties of data reduction. These errors have been 
propagated to calculate clement abundances. 

The observed emission line intensities F(X), and those 
corrected for interstellar extinction and underlying stel- 
lar absorption I(X) are presented in Table ^. All lines 
have been normalized to the H/3 intensity. The H/3 equiv- 
alent width EW(H{3), the absorption equivalent widths 
EW(abs) of the Balmer lines, the H/3 flux, and the extinc- 
tion coefficient C(H/3) (this is a sum of internal extinction 
in HS 0822+3542 and foreground one in the Milky Way) 
are also shown there. 

For the simultaneous derivation of C(H(3) and 
EW(abs), and to correct for extinction, we used a pro- 
cedure described in detail in Izotov, Thuan & Lipovetsky 
( 1994[ ) . The abundances of the ionized species and the to- 
tal abundances of O, Ne, N, S, and He have been obtained 



following Izotov, Thua n & Lipovetsky (|1994| , |l997b|) and 
Izotov & Thuan (|l999|) . 



2 MIDAS is an acronym for the European Southern Obser- 
vatory package — Munich Image Data Analysis System. 



2.2. CCD photometry 
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Table 1. Main parameters of the young galaxy candidates 



Parameter 


0822+3542 1 


IZwl8 


0335-052E 


B to t 


17.92±0.07 


16.21^ 


17.00±0.02 a 


(B - V) tot 


0.32±0.08 


0.18 2 


0.31±0.05 3 


(V - fl)tot 


0.17±0.09 


0.41 4 


0.15±0.05 3 


Vkei (km s _1 ) 


732±6 


751±2 5 


4043±5 6 


D Vir (Mpc) 


12.5 


14.2 1 


52.8 6 


E(B - V) 


0.047 11 


0.032 11 


0.047 11 


M B t 


-12.7 


-14.64 


-16.8 3 


Angular size (")* 


14.8x7.4 


22X15 1 


14xl0 3 


Optical size (kpc) 


0.90x0.45 


1.5x1.0 


3.7x2.6 3 


12+log(0/H) 


7.35 


7.16 7 


7.29 s 


T c (0 m) (K) 


20,350 


19,600 7 


19,300 s 


H I flux* 


0.68±0.07 


2.97 9 


2.46 6 


W 50 (km s" 1 ) 


42±5 


49 9 


83 5 


W 20 (km s" 1 ) 


58±8 


84 9 


105 5 


M(Hl) (10 8 M Q ) 


0.24 


1.41 9 


16.2 6 


M(Hi)/L s " 


1.40 


1.40 


2.3 


SFR (M /year) 


0.007 


0.04 10 


0.4 10 



Btot - total blue magnitude; Mb - absolute blue mag. 
Lb - total blue luminosity. * Units of Jy km s ; 
** In units of (M / Lb)q\ t With the Galaxy extinction 
A B = 0.20, 0.14, 0.20, respectively, 
corresponding to E(B — V) in the previous line; 

* a x b at surface brightness /is =25 mag arcsec -2 . 

References: 1 Thi s pap er; 2 Mazzar ella fc Boroson (1993) 
3 Papaderos et al. ( [l998| ); 4 Huch ra ( [l977| ); 5 Thuan et al. 
( [l999a[ ); 6 Pustilni k et a l. (|2000|); 7 Izotov 
s Izotov & Thua n (|l999[ ) 
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Thuan et al. ([1997UT 11 Schlegel et al. 




Thuan (1998) 



2.2.1. Observations 

CCD images in Bessel BVR filters were obtained with the 
NOT and ALFOSC on 1998, May 28. The same 2kx2k 
Loral (W11-3AC) CCD was used, with a plate scale of 
0'.'189x0'.'189 and a 6.'5x6.'5 held of view. Exposures of 
900 s in B and 600 s in both V and R were obtained 
under photometric conditions but no photometric calibra- 
tion was performed. The seeing FWHM was l'/25. Dr. A. 
Kopylov (SAO RAS) kindly obtained short CCD images 
in BVR with the lm telescope of SAO. These observa- 
tions were used to calibrate the NOT data. Photometric 
calibration was provided by observations of the stars #4, 
#7 and #10 fro m the field of OJ 287 (Firucci & Tosti 
1996| ; Ncizvcstny [l995| ). 



2.2.2. Reduction of photometric data 

All primary data reduction was done with MIDAS. The 
frames were corrected for bias, dark, and flat field in the 
same way as for reduction of the 2D frames of NOT long- 
slit spectra. Aperture photometry was performed on the 
standard star frames using the MAGNITUDE/ CIRCLE task, 
with the same aperture for all stars. The instrumental 
magnitudes were transformed to the standard photomet- 
ric system magnitudes via secondary local standards, cali- 



brated with the 1 m telescope of SAO. The final zero-point 
uncertainties of the transformation were ctb = 0^06 in B, 
cry = 1 . n 05 in V, and a R . = 1 . n 08 in R. 

For the creation of the sky background, we used the 
dedicated software for adaptive filtering develope d at t he 
Astrophysical Institute of Potsdam (Lorenz et al. 1993 ). 

The photometry of extended objects was carried out 
with the IRAFQ software package. Elliptical fitting was 
performed with the ELLIPSE task in the STSDAS package. 
To construct a surface brightness (SB) profile we used the 
equivalent radius as the geometrical average, R* — Vab. 
The SB profiles were decomposed into two components: 
one with a gaussian distribution in the central part and 
the second being an exponential disc. The final function 
has the form: 



R* 

I = Ie.o exp ( ) + I Gfi exp 

a E 



■In 2 I 2— 

a G 



(1) 



For the profile decomposition, the NFIT1D task of the 
STSDAS was used with weights inversely proportional to 
the accuracy of the surface brightness profile. The final 
photometric errors take into account the instrumental er- 
rors and the error of transformation to the standard pho- 
tometrical system. To check correctness of disc parameters 
we performed separately the fitting of external part of SB 
profile, corresponding to the region in Fig. || from R* of 3" 
to 6". The derived disc parameters were the same within 
the cited errors. 

For consistency with previous works (e.g. Telles et al. 



1997, Papaderos et al. 1996, 1998, Doublier et al. 1999a) 



the parameters of the disc have been obtained by fitting 
again the SB versus the equivalent radius, but we note 
that the obtained values should be taken with caution, 
because of ellipticity variations. 

2.3. Hi 21 cm observations and data reduction 

Hi line observations were carried out in July 1998 and 
in February 1999 with the NangayQ 300m radio telescope 
(NRT). The NRT has a half-power beam width of 3.'7 
(EW) x 22' (NS) at the declination Dec. = 0°. 

Since HS 0822+3542 had a known optical redshift, we 
split the 1024-channel autocorrelator in two halves and 
used a dual-polarization receiver to increase the S/N ratio. 
Each correlator segment covered a 6.4 MHz bandwidth, 
corresponding to a 1350 km s~ 4 velocity coverage, and was 



3 IRAF: the Image Reduction and Analysis Facility is dis- 
tributed by the National Optical Astronomy Observatories, 
which is operated by the Association of Universities for Re- 
search in Astronomy, In. (AURA) under cooperative argeement 
with the National Science Foundation (NSF). 

4 The Nangay Radioastronomy Station is part of the Paris 
Observatory and is operated by the Ministere de l'Education 
Nationale and Institut des Sciences de l'Univers of the Centre 
National de la Recherche Scientifique. 
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Fig. 3. Hi 21 cm profile of HS 0822+3542. 



centred at the frequency corresponding to the optical red- 
shift. The channel spacing was 2.6 km s _1 before smooth- 
ing and the effective resolution after averaging pairs of ad- 
jacent channels and Hanning smoothing was 10.6 km s _1 . 
The system temperature of the receiver was « 40 K in the 
horizontal and vertical linear polarizations. The gain of 
the telescope was 1.1 K/Jy at the declination Dec. = 0°. 
The observations were made in the standard total power 
(position switching) mode with 1-minute on-source and 
1-minute off-source integrations. 

The data were reduced using the NRT standard pro- 
grams DAC and SIR, written by the telescope's staff. Both 
H and V polarization spectra were calibrated and pro- 
cessed independently and were finally averaged together. 
Error estimates were calculated following Schneider ct al. 
(1986). With an integration time of 210 minutes, the r.m.s. 
noise is of 1.4 mJy after smoothing. HS 0822+3542 is de- 
tected with S/N=ll. The spectrum is presented in Fig. pi 



3. Results and discussion 

The main parameters of HS 0822+3542, along with those 
of the two earlier known local candidate young galaxies, 
are presented in Table [l]. 

The distances to all three galaxies for the sake of ho- 
mogeneity are derived from the radial velocities. For the 
distance-dependent parameters we used the distances Z?vir 
derived from the quoted heliocentric Hi velocities Vhi, ac- 
counting for the Galaxy motion relative to the centroid 
of the Local Group of 220 km s -1 , for Virgocentric infall 
(Kraan-Korteweg 1986| ) , and assuming a Hubble constant 
H = 75 km s^Mpc -1 . Note that HS 0822+3542 is the 
nearest galaxy among the extremely metal-deficient galax- 
ies shown in Table |IJ However, such distance estimates for 
two galaxies, HS 0822+3542 and I Zw 18 with small radial 
velocities are rather uncertain. In particular, for I Zw 18 
different distance determinations from the literature based 
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Fig. 4. The surface brightness profiles of HS 0822+3542 
in B, V and i?-bands. Error bars correspond to 2a uncer- 
tainties. 
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Fig. 5. The surface brightness profile of HS 0822+3542 in 
£?-band. Error bars correspond to 2a uncertainties. By the 
solid lines the decomposition of SB profile is shown to the 
underlying exponential disc and the central gaussian com- 
ponent corresponding to the SF burst region. The decom- 
position was performed with the weights. Thick dashed 
line shows the PSF derived on nearby stars, with FWHM 
= 1'.'25. Two vertical dashed lines mark the region over 
which the decomposition was performed. 
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Table 3. Abundances in HS 0822+3542, SBS 0335-052 and I Zw 18 



Value 


HS 0822+3542 


SBS 0335-052E 1 ' 2 


SBS 0335-052W 3 


I Zw 18NW 4 


I Zw 18SE 4 


T c (0 m)(K) 


20,360+850 


20,300+300 


17,200+500 


19,700+200 


18,800+400 


T c (0 ii) (K) 


15,790+600 


15,800+200 


14,700+400 


15,600+150 


15,300+300 


T C (S m)(K) 


18,600+700 


18,500+200 


16,000+400 


18,000+200 


17,300+350 


N e (S II) (cm" 3 ) 


<io±fg 


524+204 


10 


90 


10 


O + /H+(xl0 5 ) 


0.247+0.025 


0.20+0.1 


0.60+0.05 


0.22+0.01 


0.49+0.03 


O ++ /H+(xl0 5 


) 1.967+0.190 


1.70+0.1 


1.08+0.08 


1.16+0.03 


1.04+0.06 


O/H(xl0 5 ) 


2.214+0.191 


1.90+0.1 


1.68+0.10 


1.45+0.03 


1.54+0.07 


12+log(0/H) 
N+/H+(xl0 7 ) 


7.35+0.04 


7.29+0.01 


7.22+0.03 


7.16+0.01 


7.19+0.02 


0.992+0.770 


0.60+0.01 


1.72+0.15 


0.64+0.02 


1.43+0.08 


ICF(N) 


8.962 


8.66 


2.81 


6.59 


3.14 


log(N/0) 


-1.40+0.34 


-1.58+0.03 


-1.54+0.06 


-1.56+0.02 


-1.53+0.04 


Ne++/H+(xl0 


5 ) 0.355+0.041 


0.27+0.05 


0.24+0.03 


0.19+0.01 


0.23+0.03 


ICF(Ne) 


1.126 


1.13 


1.55 


1.25 


1.48 


log(Ne/0) 


-0.74+0.07 


-0.80+0.03 


-0.65+0.06 


-0.80+0.01 


-0.65+0.04 


S+/H+(xl0 7 ) 


0.424+0.057 


0.40+0.1 


1.09+0.11 


0.35+0.01 


0.67+0.03 


S ++ /H+(xl0 7 ) 


2.815+0.873 


1.90+0.3 


2.15+0.64 


1.96+0.21 


2.07+0.30 


ICF(S) 


2.26 


2.21 


1.29 


1.82 


1.32 


log(S/0) 


-1.48+0.09 


-1.59+0.04 


-1.60+0.08 


-1.55+0.03 


-1.63+0.04 


Y (mean) 


0.255+0.013 


0.249+0.006 


0.238+0.005 


0.217+0.005 


0.242+0.009 


References: 1 


Izotov et al. (|L997a|) 


; a Izotov & Thuan 


(1999j); a Lipovetsky et al. fll999|); 4 


Izotov & Thuan (199S|). 



Table 4. Structural properties of HS 0822+3542 in B,V,R-bands 



Band 




QE 


MG.O 


QG 


P25 


E 25 


JTlLSBOO 


msFOO 




mag arcsec -2 


arcsec 


mag arcsec -2 


arcsec 


pc 


pc 


mag 


mag 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


B 


20.96+0.04 


1.41+0.02 


20.40+0.02 


1.58+0.02 


118 


318 


18.22 


19.46 


V 


20.86+0.04 


1.42+0.03 


19.92+0.02 


1.61+0.03 


126 


333 


18.10 


18.68 


R 


20.57+0.08 


1.38+0.04 


19.79+0.03 


1.61+0.03 


129 


342 


17.88 


18.60 



(1) Central surface brightness of the LSB component obtained from the decomposition of each SB 
profile, weighted by its photometric uncertainties. 

(2) Exponential scale length of the LSB component. 

(3) Central surface brightness of the gaussian (SF burst) component. 

(4) Effective size (FWHM) of the gaussian (SF burst) component. 

(5) Linear extent of the luminous component in excess of the LSB component at a surface brightness 
level of 25 mag arcsec -2 . 

(6) Linear extent of the LSB component at a surface brightness level of 25 mag arcsec -2 . 

(7) Total apparent magnitude of the LSB component estimated by extrapolation of the exponential 
fitting law to R* = 00 (equation 2). 

(8) Total apparent magnitude of the SF component. 



on the different observational data, range from 10.9 Mpc 
to 20 Mpc. To resolve this disagreement the deep HST 
imaging of I Zw 18 is vital in order to detect the tip of 
the red giant branch stars and to measure the distance di- 
rectly. Unfortunately, such observations have not yet been 
done. The same relates to HS 0822+3542. Keeping in mind 
this possible source of uncertainty which may change in- 
tegrated characteristics of HS 0822+3542 and I Zw 18 by 
a factor of 2-4, we describe below in more detail various 
parameters of HS 0822+3542 and compare them to other 
well-known young galaxy candidates. 



3.1. Chemical abundances 



The results from the chemical abundance determination 
are presented in Table |[ For the sake of comparison, we 
also show the data for the other two low metallicity galax- 
ies SBS 0335-052 and I Zw 18. A two-zone photoionizcd 
Hn region has been assumed; the electron temperature 
for the high-ionization region has been obtained from the 
[Olli] A 4363/(A 4959+5 007) r atio using a five-level atom 
model (Izotov & Thuan |1999| ) and for the low-ionization 
region by using the empirical relation between b oth elec - 
tron temperatures (Izotov, Thuan & Lipovetsky 1997b ). 
The electron density was derived from the [Sn]A 6717,6731 
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Table 2. Line intensities in HS 0822+3542 



A (A) Ion 


F(X)/F(R0) 


J(A)//(H/3) 


3727 [0 n] 


0.331 ±0.013 


0.331 ±0.014 


3835 H9 


0.077 ±0.005 


0.080 ±0.007 


3868 [Ne in] 


0.317 ±0.018 


0.318 ±0.018 


3889 H8 + He i 


0.199 ±0.009 


0.203 ±0.010 


4026 He I 


0.026 ±0.005 


0.026 ±0.005 


4101 H5 


0.271 ±0.011 


0.274 ±0.012 


4340 H7 


0.479 ±0.018 


0.481 ±0.018 


4363 [O in] 


0.123 ±0.007 


0.123 ±0.008 


4471 He 1 


0.039 ±0.005 


0.039 ±0.005 


4861 R/3 


1.000 ±0.033 


1.000 ±0.034 


4922 He 1 


0.009 ±0.003 


0.009 ±0.003 


4959 [O m] 


1.192 ±0.042 


1.190 ±0.042 


cnnv \c\ ttt! 

ODD ( [\J 111J 




Q C/IO _|_0 1 01 


5876 He 1 


0.098 ±0.005 


0.097 ±0.005 


6300 [0 1] 


0.004 ±0.003 


0.004 ±0.003 


6312 [S in] 


0.010 ±0.003 


0.010 ±0.003 


6548 [N 111] 


0.005 ±0.004 


0.005 ±0.004 


6563 Ha 


2.743 ±0.087 


2.729 ±0.094 


6584 [N 11] 


0.015 ±0.012 


0.015 ±0.012 


6678 He 1 


0.033 ±0.004 


0.033 ±0.004 


6717 [S n] 


0.029 ±0.004 


0.028 ±0.004 


6731 [S II] 


0.018 ±0.004 


0.018 ±0.004 


C(H/3) dex 


0.005±0.04 




0.47xl0~ 14 


erg s 'cm 2 


EW(tLf3) A 


292±3 


EW(abs) A 


0.6±0.7 




2 4 

R* (arcsec) 



Fig. 6. (B — V) and (V — R) radial colour profiles of 
HS 0822+3542. Radially averaged (B ~ V) and (V - R) 
colour profiles computed by subtraction of surface bright- 
ness profiles displayed in Fig. || The mean colours of the 
exponential disc are shown by the filled and open rect- 
angulars with error bars. The isophotal radius E25 of the 
LSB host at 25 B mag arcsec -2 is indicated. 



ratio. Abundances ha ve been calcu lated following Izotov, 
Thuan & Lipovetsky Jl994j |l997b|) . 

The oxygen abundance in HS 0822+3542 is slightly 
higher than in the other two galaxies. This galaxy is, there- 
fore, one more object filling the gap between the metallic- 
ity of I Zw 18 and those for the bulk of BCGs. The compar- 
ison of the data on element abundances in HS 0822+3542 
with the abundance ratios from Izotov & Thuan (1999) 
shows that all data for HS 0822+3542 agree with the 
derived average values for the sample of low-metallicity 
BCGs. The largest deviation occurs in the N/O ratio. But 
if we take into account the large uncertainty in the flux 
of [Nil] A6583 emission line blended with Ha, the N/O is 
consistent with the expected value for this kind of galax- 
ies. 

We thus conclude that the measured ratios of heavy 
element abundances to that of oxygen in HS 0822+3542 
follow the same relation as in all metal-poor BCGs. In 
particular, nitrogen is likely synthesized in massive stars 
that also produce oxygen, neon and sulfur, as proposed by 
Izotov & Thuan Q1999Q . 

We note, that low measured value of 
C(H/3)=0.005±0.04, transfered to a 2er upper limit: 
C(H/3) < 0.085, equivalent to E(B - V) = 0.68 C(H/3) < 
0.058, is consi stent with E(B - V) = 0.047±0.007 from 
Schlegel et al. ( |l998| ), which was used to correct measured 



colours and absolute magnitude. Anyway the net internal 
extinction A^ in HS 0822+3542 seems to be very low, 
implying a low dust content, what is also consistent with 
the object extremely low metallicity. 

3.2. Morphology and colours 

The i?-band image of the galaxy, with filamentary struc- 
tures at the periphery of the low surface brightness region, 
is typical of dwarfs with strong SF activity. Curiously, the 
appearance of HS 0822+3542 is morphologically similar, 
on the same a ngula r scales, to th at of SBS 0335-052E 
(Melnick et al. |l992j ; Thuan et al. [l997| ), including some 
arcs and filaments. The integrated (B — V) and (V — R) 
colours of HS 0822+3542 are very blue (0 m 32 and 
respectively), similar to those of SBS 0335-052E. 

Below, we describe the surface brightness (SB) distri- 
bution of HS 0822+3542. We show in Fig. I the SB profiles 
in B, V and i?-bands, which look very similar, with some 
deviations in i?-band in the middle part of the profile. 
This is presumably due to additional Ha emission from 
the filamentary structure (see Fig. |l|). The i?-band SB 
profile (Fig. indicates the presence of two components: 
the central bright compact body and an exponential disc, 
dominating the light in the outer part of the profile (here- 
after LSB component). The parameters of both compo- 
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nents, derived from the fitting of the SB profiles in B, V 
and R, are given in Table |. 

The corresponding exponential scale lengths are = 
86±1 pc, = 86±2 pc and = 84+2 pc. A compari- 
son with the same parameters derived for the LSB compo- 
nent of other BCGs (Papaderos et al. 1996; Papaderos et 



(B - i?)di SC = m 61) is SBS 0940+544, with 12+log(0/H) 



al. 199S| ; Doublier et al. 1999a) shows that the scale length 
of HS 0822+3542 is smaller than that of any BCG studied 
in the cited works. Even the "ult racompact" dwarf galaxy 



POX 186 (Doublier et al. 1999b ) has a scale length more 
than twice larger (180 pc). However HS 0822+3542 is not 
the only extreme case in its small disc "size" . At least two 
galaxies have comparable or smaller scale le ngths : GR 8 
(Mateo [1998D and Tol 1116-325 (Telles et al. |1997| ). 

Integrating the SB profile of the underlying exponen- 
tial disc we obtain its total B magnitude: 



Ba 



^e,o - 51og(a E ) - 1.995, 



(2) 



where «e is in arcsec. 

With the resulting -Bdisc = 18'. n 22 we can estimate also 
the luminosity of current SF burst and the corresponding 
brightening of the galaxy. The brightening is quite mod- 
est, about 30%. The light of current burst corresponds to 
B hurst = 19™46 and a luminosity of M B = -ll m l. 

Since the scale lengths for the underlying disc in all 
three bands are identical within small uncertainties (1— 
1.5%), we can accept as a first approximation that the 
scale length of the disc is a unique one for B, V and R, 
equal to the average < > = 1.40+0.02 arcsec, and 
corresponding to 85±1 pc. Hence, the underlying disc has 
no colour gradient, and its colours (B — y)disc and (V — 
i?)disc can be approximated by the colours of its central 
SB 

(B - V) disc = /xf >0 - Me,o = m 10 ± m 06, 

(V - i?) disc = Me,o - Me ,o = m 29 ± ^09, 

respectively. The disc colours can also be obtained from 
its integral B, V and R magnitudes (column 7 in Table f|): 

(B-V) disc =(T12±(riO, 

{V - R) disc = (F22 ± (T16, 

consistent with the estimates above. The uncertainties of 
the latter colours are derived from the errors of the inte- 
grated disc magnitudes, from the propagation of errors in 
equation (2). They are m 07, m 08 and m 14 for B, V and 
R, respectively. 

A close coincidence of the scale lengths of BCG LSB 
components in the different filters was found by Papaderos 



et al. (|1998| ) for SBS 0335-052E. The same correlation for 
disc scale lengths in different bands was shown to exist for 
a sample of 19 BCGs (Doublier et al. 1999a). However, 
the colours (B — R)di sc for BCGs with small scale lengths 
from Doublier et al. are redder and lie in the range of 



m 61-l m 47, with an average (B - R) dh 



r. n ll±0 jn 30. 



The most similar to HS 0822+3542 in this colour (with 



= 7.43±0.01 (Izotov & Thuan |l999D - 

In Fig. [| we show the distributions of observed (B — 
V) (filled squares) and (V — R) (open circles) colours, as 
functions of the effective radius. Mean disc colours are 
shown by filled and open rectangles to the right of the 
observed colour profiles. Note that the (V — R) colours 
are shifted by 1™0 in Fig. |(| to minimize confusion. Note 
also that (V — R) is even bluer for the outermost part of 
disc (R* >3"): m 16±0 n T2. 

Effective sizes for the central gaussian component in 
the different bands also coincide, within small uncertain- 
ties. We can therefore think of this component as a body 
with a homogeneous colour distribution. We note also, 
that this compact gaussian component is significantly 
larger than we could expect for a point-like source con- 
volved with the point spread function (PSF). The FWHM 
for stellar images measured on the CCD frames near the 
galaxy is 1'.'25, whereas it is oiq= l'/6 (Table |) for the 
bright central region. The deconvolved FWHM for this 
component amounts to ss l'.'O. Comparing with the struc- 
ture of star-forming regions in other BCGs, it is natural 
to assign the enhanced optical emission in the central part 
of HS 0822+3542 to a young massive-star cluster formed 
in the current SF burst and its associated H11 region. The 
characteristic linear radius of this complex is ~ 30 pc, 
comparab le to the size of the star cluster R136 in LMC 
( Walborn 1991 ) . Accordingly, the absolute B magnitude of 
this bright component -11™ 1 is near the lower limit of the 
range found with HST for super-star clusters by O'Conncl 
et al. ( 1994 ) in two nearby star-bursting galaxies. 

The total size of HS 0822+3542 out to the mb=25 mag 
arcsec - 2 isophote can be approximated by an ellipse with 
major and minor axes 14'.'8 and 7'.'4, or 900 by 450 pc, 
respectively. 

As we have shown above, the SB distribution of 
HS 0822+3542 can be fitted by two components. While 
the brighter and more compact central component seem- 
ingly corresponds to the complex of young massive stars 
formed during the current SF burst and its associated H11 
region, the underlying exponential disc can consist of older 
stars. The latter could be formed either during a previous 
much earlier SF episode, or relatively recently in a precur- 
sor of the current SF burst, which could be significantly 
displaced (^150-200 pc) from the underlying disc centre. 
If the current SF burst and the previous SF activity are 
causally connected, the propagation time of the SF wave 
from the underlying disc centre, with a typical velocity of 
10 km s _1 (e.g., Zenina et al. 1997) would be only 15-20 
Myr. In order to check this option one could search for the 
Hei absorption features of early B stars in the underlying 
disc. 

To check for emission from older stellar populations, 
which may reside in the region outside the current SF 
burst, we compare the colours of underlying disc with 
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those predicted for various models, as well as with sim- 
ilar parameters for other young galaxy candidates. 

The very blue colours of the disk, after correcting for 
the extinction in the Galaxy (B-V) = (P05 ± CT06 and 
(V — R)o = 0? 1 26±CK Q 09 are reasonably consistent with the 
predictions for an instantaneous SF burst with a Salpeter 
IMF, a metallici ty of 1/20 Z e and an age of ~ 100 Myr 
(Leitherer et al. 1999). If prolonged star formation is as- 



sumed, then the age of the oldest stellar population in the 
extended disc can be larger than that of the instantaneous 
burst. The observed colours can also be explained by con- 
tinuous SF with a constant star formation rate from 500 
Myr to 20 Myr ago. However, older stellar populations 
with an age of 10 Gyr are excluded. The derived age is 
somewhat lower for the outermost part of the of the disc 
with a bluer (V — R) colour in comparison to its average 
value. Integrated colours of ionized gas are about (B — R) 
= 0™6-0™8 (Izotov et al. 1997a), what is redder than our 



observed values in the underlying disc. Therefore if some 
gas emission inputs to the integrated disc colours, then 
the true colours of stellar component should be even bluer 
than measured. 

These colours are very similar to those of the under- 
lying nebulosity in SBS 0335-052. The latter colours are 
shown to be well explained by the radiation of ionized 
gas and A-stars with the ages of no more than 100 Myr, 
created in the current SF episode. This SF episode is pro- 
longed and m ay re present a propagating SF wave (Pa- 
paderos et al. 199§| ), similar to what is suggested f or an- 



other candidate young gala xies I Z w 18 (Izotov et al. |2000 ) 
and CG 389 (Thuan et al. |l999b[ ). This similarity of LSB 
disc colours of HS 0822+3542 and SBS 0335-052E sug- 
gests that up to the radial distances of ^300 pc the input 
of stellar population with the ages larger than 100 Myr to 
the disc radiation is undetectable. 

As a first approximation, the colours of the underly- 
ing disc do not contradict the possibility that the cur- 
rent burst is the first SF episode in this galaxy. However 
since the emission of ionized gas can add significantly to 
the total radiation from the volume within 300-400 pc, 
further photometric and spectroscopic observations of HS 
0822+3542 are required to account properly for the con- 
tribution of gaseous emission. 

3. 3. Current star formation rate 

The star formation rate (SFR) of the current SF episode 
can be estimated from the total Ha luminosity. The Ha 
flux was measured within the slit, and was corrected for 
the missing light outside the slit. A correction factor of 
2.33 was calculated, using the brightness profile along the 
slit and assuming circular symmetry. For the derived total 
flux i^(Ha)=5.8x 10~ 14 erg s _1 cm -2 we obtain a total Ha 
luminosity of 10 39 erg s _1 . 

This Ha luminosity corresponds to a curre nt SFR of 
~ 0.007 M G yr" 1 (Hunter & Gallagher |l986| ) assuming 



a Salpeter IMF with a 0.1 M Q lower mass cutoff. The 
gaseous mass converted into the stars during a 3 Myr burst 
is ~ 2x 10 4 Mq. The unknown contribution of the gaseous 
emission to the light from the LSB component further 
complicates the stellar mass estimate. If only stars with 
age < 100 Myr contribute to the LSB luminosity, then the 
total mass of stars in the underlying disc with Mb. disc =~ 
12™3 is 1.3xl0 6 M (from e.g., Leitherer et al. |1999| ). 
This is much smaller than the total neutral gas mass of 
«3.0xl0 7 Mq, accounting for a helium mass fraction of 
0.25. 

The total mass of ionized gas can be obtained from 
the average mass density inside the Hn region and its vol- 
ume. An average mass density corresponding to the aver- 
age electron density N c of 1 cm~ 3 within a volume with a 
diameter of 0.5 kpc yields a total ionized gas mass of 10 6 

M©. 

The above estimates show that baryonic matter in HS 
0822+3542 is dominated by the gaseous component. 

3.4- Hi and dynamical mass 

The integrated Hi line flux, the characteristic widths of 
21 cm line profile W50 and W20 (for a Hanning smooth- 
ing of 10.6 km s _1 ), and the derived Hi mass Mhi for 
HS 0822+3542 are presented in Table 0. The small Hi 
mass 2.4x10 7 Mq of this galaxy is consistent with its low 
optical luminosity. The very narrow Hi profile is indicative 
of its very low amplitude of rotational velocity, which does 
not exceed 30 km s -1 . It is difficult to assess the inclina- 
tion angle correction, since the optical morphology can be 
unrelated to global properties of the associated Hi cloud, 
as exemplified by the case of SBS 0335-052 (Pustilnik et 
al. 2000). The role of chaotic gas motions is, in general, 



more important in very low mass galaxies, where the am- 
plitude of random velocities reaching ten km s _1 or more 
can be commensurate with the rotational velocity. 

The measured Hi mass and the profile width are in the 
range characteristic of very low mass galaxies. The mass- 
to-light parameter M(Hl)/Lg = 1.40 Mq/Lq, is compa- 
rable to those of I Zw 18 and SBS 0335-052E. It is not as 



high as in some gas-rich dwarfs from van Zee et al. (1997), 
but these galaxies, although they have a few Hn regions, 
are in relatively quiescent state. The extremely metal-poor 
BCGs discussed here experience significant luminosity en- 
hancement due to very intense current and recent SF ac- 
tivity; this results in a significant decrease of their mass- 
to-light ratios relative to their non-active state. 

A rough estimation can be made also on the dynamical 
mass of HS 0822+3542. From the width of Hi profile at the 
20% level, a maximum rotation velocity of 30 km s _1 can 
be assumed. The extent of the Hi cloud associated with a 
BCG is normally many times larger than its optical size. 
The optical radius R25 is the radius of a disc galaxy at the 
isophotal level /j,b = 25.0 mag arcsec -2 . A conservative 
lower limit to the ratio of Hi-to-optical radii is 4 (see, 
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al. 1991 



e.g. Taylor et al. 1995; Chengalur et al. 1995; Salzer et 
van Zee et al. 



1998; Pustilnik et al. 2000). By 



equating gravitation and centrifugal force at the edge of 
Hi disc an estimate of the dynamical mass inside 1.5 kpc 
is obtained; this is 3.4xl0 8 Mq, one order of magnitude 
larger than the total visible mass of the galaxy M noutra i + 

Mstars + Mmi region- 

Even rather unprobable case of Hi radius equal to the 
optical one results in the total dynamical mass ~3 times 
higher than the visible mass. Hence, HS 0822+3542 like 
other extremely metal-deficient dwarf galaxies, is dynam- 
ically dominated by a dark matter halo, supporting the 
modern view of primeval galaxy formation process (e.g. 



Rees 1988). In turn the mass of its DM halo is one of the 



smallest for galaxies. 



4. A candidate young galaxy? 

The properties of HS 0822+3542 presented above (ex- 
tremely low abundance of heavy elements, very blue colour 
of underlying nebulosity, and extremely small mass ratio 
of stars to neutral gas) suggest that this could be the near- 
est candidate young dwarf galaxy forming its first stellar 
generation. However, on the basis of the present data, we 
cannot exclude the presence of an underlying older stellar 
populations originating from earlier SF episodes. 

Similar studies of the two previously known young 
galaxy candidates I Zw 18 and the pair SBS 0335- 
052E/0335-052W (Izotov et al. |l997a|; Thuan & Izotov 



19971 ; Pustilnik et al. |1997| ; Lipovetsky et al. |1999| ) have 



not been conclusive whether such young systems really do 
exist. 

While the chemical properties (see Table |J) of these 
candidates seem to follow a general trend and behave quite 
homogeneously, other global properties have still to be un- 
derstood. From Table [j]it appears that they cover a broad 
range of neutral hydrogen masses and blue luminosities (a 
factor of ~ 40-60) . The same is true for their current SFRs 
and for the mass of stars formed in a single star formation 
episode. 

We suggest that a simple linear scaling between several 
important parameters holds for forming galaxies, at least 
in the range of baryon masses of (0.3-20) xlO 8 Mq (see 
Table 1, and assuming that most of baryons in these BCGs 
are in atomic hydrogen and helium). This is important 
both for the analysis of conditions capable of maintaining 
pristine gas clouds stable for ~ a Hubble time, and for the 
planning of further searches for such objects. In particular, 
such low-mass objects can represent a significant fraction 
of the Lya absorbers at high redshifts. 

One more indirect argument for the possible youth of 
the three BCGs considered here comes from the calcula- 
tions of mass and heavy elements loss in dwarfs with active 
SF (Mac Low & Ferrara |1999[). These show that the rate 



of metal loss is strongly dependent on the baryon mass in 
the range of 10 7 to 10 9 Mq. Therefore, if these extremely 



metal-poor galaxies with masses ranging from 3xl0 7 to 
2.5 xlO 9 Mq were not in their first SF episode, we should 
expect significant differences in their observational prop- 
erties. For the three BCGs discussed here we do not find 
these differences. 

From the surface density of already known objects with 
extremely low metallicity and small radial velocity one can 
expect to find at least ten more such galaxies within 15 
Mpc, if the search will be extended to the entire sky. 

5. Conclusions 

From the data and discussion above we reach the following 
conclusions: 

1. HS 0822+3542 is a new nearby (D = 12.5 Mpc) galaxy 
with oxygen abundance 12 + log(0/H) = 7.35. After 
I Zw 18 and SBS 0335-052 this is the third lowest 
metallicity object among Blue Compact Galaxies. 

2. Its very low metallicity, very small stellar mass frac- 
tion (0.05 relative to the entire baryon mass) and 
blue colours of the underlying disc [(B — V)q — ff. n 05, 
(V - R) = 0'. n 26] imply that this is one of the few 
candidates to be a local young galaxy, forming its first 
generation of stars. 

3. HS 0822+3542 is 50-60 times less luminous and mas- 
sive than another candidate young galaxy SBS 0335- 
052. This implies a broad range of global parameters 
for the candidate young galaxies. A linear scaling be- 
tween several important parameters of such galaxies 
probably exists, including parameters related to the 
SF burst. 

4. The dynamical mass estimate using the width of the 
Hi profile and a typical Hi gas extent relative to the 
optical size, leads to the conclusion that HS 0822+3542 
is dynamically dominated by a dark matter halo. 

5. Higher S/N long-slit spectra than presented here, and 
deep Ha images are needed to follow the ionized gas 
extent. Resolved Hi maps will be very helpful to study 
the dynamics of its ISM and the parameters of its DM 
halo. 
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